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(54) FIBER-OPTIC SUBSCRIBER TRANSMISSION SYSTEM 



(57) A subscriber opticalfiber transmission system 
for easily accommodating a plurality of digital subscriber 
line signals and telephone signals is achieved. 

A plurality of subscriber premises and a remote 
node are connected to each other via telephone lines, 
and the remote node and terminal stations are connect- 
ed to each other via optical fibers. In the remote mode, 
subscriber signal sent via the telephone line from each 
subscriber is converted to digital signal by A/D conver- 
sion. Further, in the remote node, these digital signals 



are time-division multiplexed to convert them to signal 
light which is transmitted via optical fiber to terminal sta- 
tion. In the terminal station, the signal light is received 
and then is time-division separated and is subjected to 
D/A conversion to provide the original subscriber signal 
To the subscriber signal, 

the telephone signal and the xDSL (x Digital Subscriber 
Line) signal are multiplexed. 

which are then separated by a splitter and terminated in 
a telephone line switching device and a xDSL access 
multiplex device. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a digital sub- 
scriber optical fiber transmission system, and more par- 
ticularly, relates to a digital subscriber optical fiber trans- 
mission system for transmitting a plurality of telephone 
signals and xDSL (x Digital Subscriber Line) signals are 
transmitted between a remote node and a terminal sta- 
tion. 

RELATED ART 

[0002} DSL (Digital Subscriber Line) has been noticed 
as a subscriber communication system by which a wide- 
band data communication is possible. According to 
DSL, very wide-band data transmission using the exist- 
ing telephone lines is possible by applying a higher 
wide-band modulation technique to the system. DSL is 
classified into various kinds by a signal speed, etc. 
[0003] For example, there are SDSL (Single line Dig- 
ital Subscriber Line) in which a transmission speed is 
same in an upstream direction and in a downstream di- 
rection and a maximum transmission speed is approxi- 
mately 2 Mbps. ADSL (Asymmetric Digital Subscriber 
Line) in which a transmission speed is asymmetric in 
upstream direction and in downstream direction, a max- 
imum transmission speed in downstream direction is ap- 
proximately 8 Mbps and a maximum transmission 
speed in upstream direction is approximately 1 Mbps, 
VDSL (Very high speed Digital Subscriber Line) in which 
a maximum transmission speed in downstream direc- 
tion of ADSL is expanded to 55 Mbps ; and G lite of which 
system configuration is simplified by limiting a maximum 
transmission speed in downstream direction of ADSL to 
1.5 Mbps. 

[0004] These digital subscriber lines are generally 
called xDSL (x Digital Subscriber Line) and will be called 
xDSL in the description as follows. The xDSL is dis- 
closed, for example, in "Overview of xDSL". Nikkei Com- 
munication, vol. 252. pages 74 to 100 (August, 1997). 
[0005] Now, there is such big problem in the xDSL that 
a transmission distance is limited. For example, in case 
of ADSL in which a maximum transmission speed in 
downstream direction is 6 Mbps, the maximum trans- 
mission distance is limited to approximately 3 km, and 
in case of G lite in which a maximum transmission speed 
in downstream direction is 1.5 Mbps, the maximum 
transmission distance is limited to approximately 5 km. 
[0006] Further, the limitation of transmission distance 
in actual systems will be stricter due to the influence of 
cross-talk from bridge taps and adjacent cables. There- 
fore, it is one of main tasks to be overcome how xDSL 
service should be implemented to subscribers who live 
in the places at a distance of several kilo-meters from a 
terminal station such as telephone station. 
[0007] It has been considered to use an optical fiber 



transmission in combination in order to solve the p'rob- 
■ lem of such transmission distance. That is, it is consid- 
ered that xDSL signal is transmitted through the existing 
telephone line between subscriber and remote node in- 
5 stalled near the subscriber and that the signal is trans- 
mitted through the optical fiber between the remote 
node and the terminal station. 

[0008] Fig. 1 is a block diagram showing configuration 
of conventional optical fiber transmission system. In the 

10 conventional system, the terminal station 30 and the re- 
mote node 20 are connected through the optical fibers 
60a, 60b, and the remote node 20 and the subscribers 
10, 11 are connected through the telephone lines 40, 
41. In the remote node 20, the telephone signals 200, 

15 201 and the xSDL signals 210, 211 are frequency sep- 
arated by a splitter 1 00. 

[0009] The telephone signals 200, 201 are sent 
through the telephone lines 1 20, 1 21 to the terminal sta- 
tion and are terminated by a telephone line switching 

20 device 320. And, the xSDL signals 210. 211 are termi- 
nated by a xDSL access multiplex device 110 installed 
in the remote node 20. An upstream data signal 220a 
which is output from the xDSL access multiplex device 
110 is transmitted through the optical fiber 60a to the 

25 terminal station 30 and is input in a data exchange de- 
vice 330. 

[001 0] A downstream data signal 400b which is output 
from the data exchange device 330, on the other hand, 
is transmitted through the optical fiber 60b to the remote 
30 node 20 and is input in the xDSL access multiplex device 
110. 

[0011] In the above configuration, it is important to 
make the remote node smaller, lighter and less con- 
sumption of electric power, because it is installed out- 
35 side buildings. However, since the xSDL signal in con- 
ventional optical fiber transmission system is terminated 
in the remote node 20, it is necessary to accommodate 
various devices such as the splitter 1 00 or the xDSL ac- 
cess multiplex device 110 in the remote node 20. 
40 [0012] Particularly, the xDSL access multiplex device 
110 requires large size and much power consumption 
because complicated processing such as modulation 
and demodulation, format conversion or multiplexing of 
the xDSL signal is implemented to each of the subscrib- 
es ers. For the reason, it has been an obstacle to make the 
remote node 20 small size and light weight. 
[0013] Further various specifications of the xSDL ex- 
ist in parallel because it is being developed rapidly and 
they will be frequently modified in future According to 
50 the conventional optical fiber transmission system, the 
xDSL signal is temporally terminated by the remote 
node 20, and therefore, where the specification of the x 
DSL is modified, operators have to go to the remote 
node to reform or exchange it each time. 
55 [0014] And, according to the conventional optical fiber 
transmission system, only the xDSL signal is basically 
transmitted and the telephone signal is transmitted 
through the existing telephone line In other words, the 
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existing telephone line has to remain as it is, and this 
may become an obstacle to develop higher subscriber 
communication system. 

DISCLOSURE OF THE INVENTION 

[0015] An object of the invention is, therefore, to 
achieve a subscriber optical fiber transmission system 
which can make a remote node small in size and light 
in weight. 

[0016] Another object of the invention is to achieve a 
subscriber optical fiber transmission system which is not 
necessary for alternation of a remote node even if spec- 
ifications of xDSL are modified. 
[0017] Still another object of the invention is to 
achieve a subscriber optical fiber transmission system 
which can accommodate a xDSL signal and a telephone 
signal simultaneously. 

[0018] A subscriber optical fiber transmission system 
of the first invention is characterized in that, in a sub- 
scriber communication system in which a plural sub- 
scribers are connected to a remote node through a tel- 
ephone line and in which the remote node is connected 
through an optical fiber cable to a terminal station, 
in the remote node. 

a plurality of upstream subscriber signals sent through 
the telephone line from the subscriber are converted to 
a plurality of digitalized upstream subscriber signals by 
an analog/digital conversion circuit, a plurality of the 
digitalized upstream subscriber signals are time-divi- 
sionally multiplexed and are converted to multiplexed 
upstream subscriber signals by time-division multiplex 
circuit, and the multiplexed upstream subscriber signals 
are converted to upstream signal light by a light trans- 
mitting device, which is transmitted from the remote 
node through the optical fiber cable to the terminal sta- 
- lion, 
in the terminal station, 

the upstream signal light is converted to multiplexed up- 
stream subscriber signals by a light transmitting device, 
the multiplexed upstream subscriber signals are time- 
divisionally multiplexed to a plurality of digitalized up- 
stream subscriber signals by a time-division separation 
circuit, and a plurality of the digitalized upstream sub- 
scriber signals are converted to a plurality of upstream 
subscriber signals by a digital/analog conversion circuit, 
and in the terminal station. 

a plurality of downstream subscriber signals sent to the 
subscribers are converted to a plurality of digitalized 
downstream subscriber signals by analog/digital con- 
version circuit, a plurality of the digitalized downstream 
subscriber signals arc time-divisionally multiplexed and 
are converted to multiplexed downstream subscriber 
signals by time-division separation circuit, and the mul- 
tiplexed downstream subscriber signals are converted 
to downstream signal light by a light transmitting device 
and are transmitted through the optical fiber cable to the 
remote node, ' ~ l - 



and in the remote node, 

the downstream signal light is converted to multiplexed 
downstream subscriber signals by light transmitting de- 
vice, the multiplexed downstream subscriber signals are 

5 time-divisionally multiplexed to a plurality of digital 
downstream subscriber signals by a time-division mul- 
tiplex circuit, a plurality of digital downstream subscriber 
signals are converted to a plurality of downstream sub- 
scriber signals by digital/analog conversion circuit, and 

10 the plurality of downstream subscribersignals are trans- 
mitted from the remote node through the telephone line 
to subscriber. 

[001 9] A subscriber optical fiber transmission system 
of the second invention is characterized in that, in a sub- 

*5 scriber communication system in which a plural sub- 
scribers are connected to a remote node through a tel- 
ephone line and in which the remote node is connected 
through an optical fiber cable to a terminal station, 
in the remote node, 

20 a plurality of upstream subscriber signals sent through 
the telephone line from the subscriber are converted to 
a plurality of digitalized upstream subscriber signals by 
analog/digital conversion circuit, the digital upstream 
subscriber signals arc timc-divisionally multiplexed and 

25 are converted to multiplexed upstream subscriber .sig- 
nals by time-division multiplex circuit, and the multi- 
plexed upstream subscribersignals are converted to up- 
stream signal light by a light transmitting device, which 
is transmitted from the remote node through the optical 

30 fiber cable to the terminal station, 
in the terminal station. 

the upstream signal light is converted to multiplexed up- 
stream subscriber signals by light receiving device, the 
multiplexed upstream subscriber signals are subjected 
35 to terminating process by digital signal processing de- 
vice: 

and in the remote node, the multiplexed downstream 
subscriber signals are output from the digital signal 
processing device and are converted to downstream 
40 signal light by light transmitting device, and the down- 
stream signal light is transmitted through the optical fiber 
cable to the remote node, - • - 
and in the remote node, 

the downstream signal light is converted to multiplexed 
45 downstream subscriber signals by light transmitting de- 
vice: the multiplexed downstream.subscribersignals are 
lime-divisionally separated to digitalized downstream 
subscribersignals by a time-division separation circuit, 
a plurality of the digitalized downstream subscriber sig- 
50 nals are converted to a plurality of downstream sub- 
scriber signals by digital/analog conversion circuit, and 
a plurality of downstream subscriber signals arc trans- 
mitted from the remote node through the telephone line 
to subscriber. ' 
55 [0020] A subscriber optical fiber transmission system 
of the third invention is characterized in that, in the sub- 
scriber optical fiber transmission system in the first and 
second inventions, the telephone signal and the xDSL 
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(x Digital Subscriber Line) signal are frequency multi- 
plexed to the upstream subscriber signals and the 
downstream subscriber signals. 
[0021] A subscriber optical fiber transmission system 
of the fourth invention is characterized in that, in the sub- 
scriber optical fiber transmission system in the first in- 
vention, 

the telephone signal and the xDSL (x Digital Subscriber 
Line) signal are frequency multiplexed to the upstream 
subscriber signals and the downstream subscriber sig- 
nals., the terminal station has a splitter for multiplex sep- 
aration of the telephone signal and the x DSL signal a 
telephone line switching device for terminating process 
of the telephone signal, and a xDSL access multiplexing 
device for terminating process of the xDSL signal, the 
downstream telephone signal output from the telephone 
line switching device and the downstream xDSL signal 
output from the xDSL access multiplexing device, in the 
lerminal station, are frequency multiplexed by the split- 
ter and then are converted to downstieam subscriber 
signals to be input in analog/digital conversion circuit, 
and 

the upstream subscriber signals output from digital/an- 
alog conversion circuit in the terminal station arc fre- 
quency separated by splitter to the upstream telephone 
signal and the downstream xDSL signal, which are then 
input in the telephone line switching device and the xD- 
SL access multiplexing device, respectively. 
[0022] A subscriber optical fiber transmission system 
of the fifth invention is characterized in that, in the sub- 
scriber optical fiber transmission system in the fourth in- 
vention, the upstream signals and the downstream sig- 
nal are frequency multiplexed and are transmitted by a 
pair of cables between the splitter and the digital/analog 
conversion circuit or analog/digital conversion circuit, 
between the splitter and the telephone line switching de- 
vice, and between the splitter and the xDSL access mul- 
tiplexing device. 

[0023] A subscriber optical fiber transmission system 
of the sixth invention is characterized in that, in the sub- 
scriber optical fiber transmission system in the fourth in- 
vention, the upstream signal and the downstream signal 
are separately transmitted by two pairs of cables be- 
tween the splitter and the digital/analog conversion cir- 
cuit or analog/digital conversion circuit, between the 
splitter and the telephone line switching device, and be- 
tween the splitter and the xDSL access multiplexing de- 
vice. 

[0024] A subscriber optical fiber transmission system 
of the seventh invention is characterized in that, in the 
subscriber optical fiber transmission system in the first 
to fourth inventions, the digitalizcd downstream sub 
scriber signals are obtained by analog/digital conver- 
sion of the downstream subscriber signals under the 
sampling rate of not less than 1 megasample/sec, and 
the resolution of not less than 8 bits 
[0025] A subscriber optical fiber transmission system 
of the eighth invention is characterized in that, in the 



subscriber optical fiber transmission system in the 'first 
to fourth inventions, the digitalized upstream subscriber 
signals are obtained by analog/digital conversion of the 
upstream subscriber signals under the sampling rate of 
5 not less than 250 kilosample/sec. and the resolution of 
not less than 8 bits. 

[0026] A subscriber optical fiber transmission system 
of the ninth invention is characterized in that, in the sub- 
scriber optical fiber transmission system in the first to 

10 fourth inventions, the sampling rate and the resolution 
of the digitalized downstream subscriber signals are 
equal to the sampling rate and the resolution of the digi- 
talized upstream subscriber signals. 
[0027] A subscriber optical fiber transmission system 

15 of the tenth invention is characterized in that, in the sub- 
scriber optical fiber transmission system in the first to 
fourth inventions, the signal speed of the digitalized 
downstream subscriber signals are N times (N : positive 
integer) as large as the signal 

20 [0028] speed of the digitalized upstream subscriber 
signals. 

[0029] In the first subscriber optical fiber transmission 
system of the invention, the remote node does not carry 
out the termination of the subscriber signals, but only 

25 carries out the digital/analog conversion, the analog/ 
digital conversion, the time division multiplexing and the 
time division separation of the subscriber signals Ac- 
cordingly, the remote node can be smaller and lighter, 
and the power consumption of it can be reduced. Fur- 

30 ther, the subscriber signals exchanged between the 
subscriber and the remote node are transmitted to the 
terminal station as it is. For the reason, even if the con- 
tents of the subscriber signals are changed, it can be 
easily supported by changing the terminal of the sub- 

35 scriber with the material of the terminal station without 
reforming the remote node. 

[0030] In the second subscriber optical fiber transmis- 
sion system of the invention, the subscriber signals digi- 
talized in the terminal station are processed as the dig- 
-to ital signal, whereby configuration of the terminal station 
is simplified. 

[0031] In the third and fourth subscriber optical fiber 
transmission systems of the invention, 
the telephone signal and the xDSL signal are transmit- 
led to the terminal station, simultaneously. In the case, 
since the xDSL signal is terminated in the terminal sta- 
tion, it is not required that the xDSL access multiplexing 
device for terminating the xDSL signal is installed in the 
remote node. For the reason, the remote node can be 
50 smaller and lighter and the power consumption of it can 
be reduced. Further, since the telephone signal can be 
transmitted simultaneously, it is not required that the tel- 
ephone signal is transmitted through separate lines and 
that a telephone line switching device for accommodat- 
es mg the telephone signal is installed in the remote node. 
[0032] In the fifth subscriber optical fiber transmission 
system of the invention, configuration of the terminal 
station is substantially same as in the case that the tel- 
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epHbne line is directly accommodated in the terminal 
station. For the reason it-is not required to change or 
modify the configuration and materials for the terminal 
station. where : the system is introduced. " . 
[0033] In the sixth subscriber optical fiber transmis- 
sion system of the invention, the upstream signals and 
the downstream signals of the subscriber signals are 
transmitted through separate lines in the terminal sta- 
tion respectively. For the. reason, the downstream sig- 
nal does not leak in the upstream signal and therefore, 
a hybrid trans and an echo canceller are not required. 
[0034] In the seventh subscriber optical fiber trans- 
mission system of the invention, in case of analog/digital 
conversion of the downstream subscriber signals, the 
sampling rale is not less than 1 megasample/sec. and 
the resolution is not less than 8 bits, whereby the down- 
stream subscriber signals can be transmitted without 
deterioration of its wave form, even if they are broad 
band signal including the xDSL signal. 
[0035] In the eighth subscriber optical fiber transmis- 
sion system of the invention, in case of analog/digital 
conversion of the upstream subscriber, the sampling 
rate is not less than 250 kilosample/sec. and the reso- 
lution is not less than 8 bits, whereby the upstream sub- 
scriber signals can be transmitted without deterioration 
of its wave form, even if they are broad band signal in- 
cluding the xDSL' signal:^ v. . ' 
[0036] In the ninth subscriber optical fiber transmis- 
sion system of the invention, 

the sampling rate and the resolution in the digitization 
are same in the upstream subscriber signals and the 
downstreanYsubscriber signals. The system is suitable 
for transmitting a symmetric xDSL signal such as SDSL 
(Single line Digital Subscriber Line) which is equal trans- 
mission rate in the upstream direction and in the down- 
stream direction. And; a clock speed is equal in the up- 
stream subscriber signals and in the downstream sub- 
scriber signals and therefore, synchronization therebe- 
tween is easy. 

[0037] In the tenth subscriber optical fiber transmis- 
sion system of the invention, the signal speed of the dig- 
itized downstream subscriber signals are N times (N : 
positive integer) as large as the signal speed of the dig- 
itized upstream subscriber signals. The system is suit- 
able for transmitting an asymmetric xDSL signal such 
as ADSL (Asymmetric line Digital Subscriber Line) in 
which the transmission rale in the downstream direction 
is larger than the transmission rate in the downs tream 
direction. And : a clock speed in the upstream subscriber 
signals and in the downstream subscriber signals is in 
relation of an integral multiple and therefore, synchroni- 
zation therebetween is easy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] 

Fig. 1 is a block diagram showing whole configura- 
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lion of conventional subscriber optical fiber trans- 
mission system, Fig. 2 is whole configuration of the 
embodiment of the invention. Fig. 3 is a signal spec- 
trum of the embodiment of the invention. Fig. 4 is 
the configuration of the remote node in the embod- 
. iment of the invention, Fig. 5 is the configuration of 
the terminal station in the embodiment of the inven- 
tion, Fig. 6 is another configuration of the terminal 
station in the embodiment of the invention, and Fig. 
7 is other configuration of the terminal station in the 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[0039] Fig. 2 is a block diagram showing the whole 
configuration of the embodiment of the invention. And, 
Fig. 3 is a signal waveform and signal spectrum of each 
portion in the invention, Fig. 4 is a detailed block diagram 
20 of the remote node in the invention, and Fig. 5 is a de- 
tailed block diagram of the terminal station in the inven- 
tion. 

[0040] In the embodiment as shown in Fig. 2, the ter- 
minal station 30 and the remote node 20 arc connected 

25 through the optical fibers 60a. 60b, and the remote node 
20 and the subscriber premises 10, 11 are connected 
through the telephone lines 40, 41 . The spectrum of the 
subscriber signal 50 which is transmitted through thetel- 
ephone line 40 is shown in Fig. 3(a). 

30 [0041] Asshown in Fig. 3(a), the telephone signal 200 
and the xDSL signal 210 are frequency multiplexed in 
the subscriber signal 50. A frequency band of the tele- 
phone signal 200 is 300 Hz to3.4 kHz, and the upstream 
signal and the downstream signal use the same fre- 

35 quency band The xDSL are composed of the upstream 
• xDSL signal 21 0a with the frequency band of 30 kHz to 
1 30kHz, and the downstream xDSL signal 21 0b with the 
frequency band of 130kHz to 1 .1 MHz. 
[0042] The upstream xDSL signal 21 0a and the down- 

■*o stream xDSL signal 210b are modulated by DMT (Dis : 
crete Multi-Tone) system, and can transmit data of max- 
imum signal speed of 640 kpbs and 8 Mbps, respective- 
ly. 

[0043] The configuration and action of the remote 
-*5 node 20 will be illustrated in detail referring to Fig. 4. In 
the remote node 20. the subscriber signal 50 is sepa- 
rated to the upstream subscriber signal 50a and the 
downstream subscriber signal 50b by the hybrid trans 
500. In the hybrid trans 500. the impedances Z1 . Z2. 23. 
50 Z4 are set so that Z1 x Z3 equals to 22 x Z4, whereby 
1 it is prevented that the downstream subscriber signal 
50b leaks through the hybrid trans 500 to the upstream 
subscriber signal 50a. 

[0044] As shown in Fig. 3(b), the telephone signal 200 
55 and the upstream xDSL signal 210a are frequency mul- 
tiplexed in the upstream subscriber signal 50a ; The up- 
stream subscriber signal 50a, after it is amplified by the 
amplifier 510a. is converted to a digital signal by the an- 
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alog/digilal conversion circuit 150a and is outpul as the 
digitized upstream subscriber signal 230a from the an- 
alog/digital conversion circuit 150a. In the example, the 
resolution and the sampling rate in the analog/digital 
conversion are set to 8 bits and 607.5 kilosample/sec. : 
respectively. In the case : the signal speed of the digital- 
ized upstream subscriber signal 230a is 4.86Mbps. 
[0045] The digitalized upstream subscriber signal 
230a is subjected to time division multiplexing in the time 
division multiplex circuit with digitalized upstream sub- 
scriber signals sent from other subscriber premises and 
is converted tothe multiplexed upstream subscribersig- 
nal 240a. In the example, the digitalized upstream sub- 
scriber signals of 30 channels to which a frame over- 
head and a start bit are added are byte multiplexed in 
the time division multiplex circuit 1 60. The signal speed 
of the multiplexed upstream subscriber signal 240a is 
155 52 Mb/s. The multiplexed upstream subscriber sig- 
nal 240a is converted to the upstream signal light 70a 
in the light transmitter 130 and is transmitted through 
the optical fiber 60a to the terminal station. 
[0046] On the other hand, the downstream signal light 
70b sent from the terminal station through the optical 
fiber 60b is converted to the multiplexed downstream 
subscriber signal 240b by the light receiver 140 and then 
is separated to a plurality of the digitalized downstream 
signal by the time division multiplex circuit 170. In the 
example, the signal speed of the multiplexed down- 
stream subscriber signal 240b is 622 08 Mb/s, and the 
digitalized downstream signal light 70b of 30 channels 
to which a frame overhead and a staff bit are added are 
byte multiplexed. 

[0047] Each of the digitalized downstream signal is 
obtained by digitalizing the downstream subscriber sig- 
nal by the resolution of 8 bits and the sampling speed 
of 2.43 megasample/sec. Its signal speed is 19.44 Mb/ 
s. The digitized downstream signal 230b output from the 
time division separation circuit 1 70 is converted to the 
downstream subscriber signal 50b by the digital/analog 
conversion circuit 150b As shown in Fig. 3(c), the tele- 
phone signal 200 and the downstream xDSL signal 
21 0b are frequency multiplexed to the downstream sub- 
scriber signal 50b which is transmitted through the tel- 
ephone line 40 to subscriber premises. 
[0048] A part of the multiplexed downstream sub- 
scriber signal 240b output from the light receiver 140 is 
input in the clock extraction signal 530, in which the firsL 
clock signal 570 with a frequency of 622.08 MHz is ex- 
tracted. The first clock signal 570 is input in the time di- 
vision separation circuit 170. And, the first clock signal 
570 is input in the first and second frequency dividers 
540. 550 and the frequency thereof is divided into 1/4 
and 1/256 to be converted them to the second clock sig- 
nal 580 with frequency of 1 55.52 MHz and the third clock 
signal 590 with frequency of 2.43 MHz , respectively 
[0049] The second clock signal 580 is input in the time 
division multiplex circuit 1 60. The third clock signal 590 
is input in the digital/analog conversion circuit 150b as 



a sampling clock The second clock signal 580 is divided 
into frequency of 1 /256 in the third frequency divider 560 
to be converted to the fourth clock signal 600 of which 
frequency is 607.5 kHz. The fourth clock signal 600 is 
5 input in the analog/digital conversion circuit 150a as a 
sampling clock. 

[0050] In the example, it is prevented by using the 
echo canceller 520 that the upstream subscriber signal 
50a leaks to the downstream subscriber signal 50a The 
w echo canceller is explained in "ISDN Technical Series.. 
Illustration, Transmitting technology and Signal technol- 
ogy" edited by Tsuda et al and published by Tokyo Elec- 
tric University Publishing Bureau, pages 77 to 79 ; in de- 
tail. 

[0051] Then, the configuration and action of the ter- 
minal station 30 will be illustrated in detail referring to 
Fig. 5. 

[0052] The upstream signal light 70a sent from the re- 
mole node 20 is converted to the multiplexed upstream 

20 subscriber signal 41 0a by the light receiver 300, and is 
time-division separated by the time division separation 
circuit 340 to be converted to the digitalized upstream 
subscriber signal of 30 channels. The digitalized up- 
stream subscriber signal 420a output from the time di- 

■25 vision separation circuit 340 is converted to the up- 
stream subscriber signal 430a by the digital/analog con- 
version circuit 360a. After the upstream subscriber sig- 
nal 430a is converted to a differential signal by the am- 
plifier 700a, it is input in the hybrid trans 710. 

30 [0053] On the other hand, the downstream subscriber 
signal 430b output from the hybrid trans 71 0 is convert- 
ed to the digitalized downstream subscriber signal 420b 
by the analog/digital conversion circuit 360b. The digi- 
talized downstream subscriber signal 420b. is time-divi- 

35 sion multiplexed with other digitalized downstream sub- 
scriber signal of 29 channels in the time division multi- 
plex circuit 350 to be converted to the multiplexed down- 
stream subscriber signal 410b and then to be converted 
to the downstream signal light 70b by the light transmit- 
ter 31 0 r which is then transmitted to the remote node 20. 
[0054] In the hybrid trans 710. the upstream subscrib- 
er signal 430a and the downstream subscriber signal 
430b are multiplexed to obtain the subscriber signal 
430. 

^5 [0055] It is prevented by using the echo canceller 720 
that the downstream subscriber signal 430b leaks 
through the hybrid trans 71 0 to the upstream subscriber 
signal 430a. The subscriber signal 430 is separated to 
the telephone signal 440 and the xDSL signal 450 by 

so the splitter 370 which are terminated in the telephone 
line switching device 320 and the xDSL access multiplex 
device 380 ; respectively. 

[0056] According to the embodiments of the inven- 
tion, the subscriber signal output from and input in the 
55 remote node 20. after the analog/digital conversion and 
the digital/analog conversion is transmitted through op- 
tical fiber to the terminal station as it is In the remote 
node 20, the subscnbersignal is not terminated, the dig- 
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ilalFanalog conversion, the analog/digital conversion ; 
the time division multiplexing and the time division sep- 
aration are only carried out. Accordingly, the remote 
node 20 can be made small, light and low power con- 
sumption. 

[0057] According to the embodiment of the invention, 
the subscriber signal is transmitted between the remote 
node 20 and the terminal station 30 as it is, regardless 
of signal form of subscriber signal such as modulation 
system, modulation speed or access system. Accord- 
ingly, even if the signal form of the subscriber signal is 
changed, it is not required to change the remote node 
20. 

[0058] According to the embodiment, since the tele- 
phone signal and the xDSL signal are transmitted simul- 
taneously, it is not required to transmit the telephone sig- 
nal through a separate line or to install a telephone line 
switching device for accommodating the telephone sig- 
nal in the remote node 20. 

[0059] Fig. 6 is a block diagram showing another em- 
bodiment of the terminal station 30 lo which the inven- 
tion can be applied. In the embodiment, it is character- 
- ized that the upstream signal and the downstream line 
arc separately transmitted using two pairs of lines in the 
terminal station 30. 

[0060] That is, in Fig. 6. the upstream subscriber sig- 
nal 420a output from the digital/analog conversion cir- 
cuit 360a, after it is converted to a differential signal by 
the amplifier 700a, is input in the splitter 370a as it is. 
The upstream telephone signal 440a and the upstream 
xDLS signal 450a. which are output from the splitter 
370a, are input/, through separate pair cables, in the tel- 
ephone line switching device 320 and the xDSL access 
multiplex device 380, respectively. 
[0061] The downstream telephone signal 440b output 
from the telephone line switching device 320 and the 
downstream xDSL signal 450b output from the xDSL ac- 
cess multiplex device 380 are input, through separate 
pair cables, in the splitter 370b, respectively. Both of 
them get together in the splitter 370b and is input in the 
analog/digital conversion circuit 360b as the down- 
stream subscriber signal 420b. 

[0062] In the embodiment, since the upstream signal 
and the downstream signal are completely separated, 
the downstream subscriber signal 430b does not leak 
in the upstream signal 50b subscriber. For the reason, 
hybrid trans and echo canceller which are necessary to 
prevent such the leakage are not required in the inven- 
tion. 

[0063] Fig. 7 is a block diagram showing still another 
embodiment of the terminal station 30 in the invention. 
In the embodiment, it is characterized that the digitalizcd 
subscriber signal is processed in the terminal station 30, 
without converting to analog signal, as it is. 
[0064] In Fig. 7, the digitized upstream subscriber sig- 
nal 420a output from the time division separation circuit 
340 is separated by the digital filler 730a to the digital- 
ized upstream telephone signal 61 0a and the digitalized 



upstream xDSL signal 620a which are output. The digi- 
talized upstream telephone signal 610a is input in the 
telephone line switching device 320 as it is, and the digi- 
talized upstream xDSL signal 620a is input in the xDSL 

5 access multiplex device 380 as it is. 

[0065] On the other hand, the digitalized downstream 
telephone signal 610b is output from the telephone line 
switching device 320, and the digitalized downstream 
xDSL signal 620b is output from the xDSL access mul- 

10 tiplex device 380. The digitalized downstream tele- 
phone signal 610b and the digitalized downstream xD- 
SL signal 620b are multiplexed by the digital filter 730b 
to be converted to the digitalized downstream subscrib- 
er signal 420b. The other configuration is same as in the 

75 second embodiment of the invention. 

[0066] In the embodiment, the configuration of the ter- 
minal station 30 is simple because the subscriber signal 
is processed as digital signal without converting it to an- 
alog signal. 

20 [0067] In the examples, ADSL signal (upstream max- 
imum frequency: 130 kHz, downstream maximum fre- 
quency: 1 .1 MHz) is transmitted as xDSL signal. Forthe 
reason, the resolution of upstream analog/digital con- 
. version and the sampling rate thereof arc set to be 8 bits 

25 and 607.5 kilsample/sec. respectively, and the resolu- 
tion of downstream analog/digital conversion, and the 
sampling rate thereof are set to be 8 bits and 2.43 
megasample/sec. respectively. And, the subscriber sig- 
nal of 30 channels is time-division multiplexed, and the 

30 transmission rates of the upstream light and the down- 
stream light are 155.52 MBPS and 622.08 Mbps. re- 
spectively. 

[0068] However, the resolution and sampling rate in 
the analog/digital conversion, the number of subscriber 
35 signals to be multiplexed in the time division multiplex- 
ing, and the transmission speed of the signal light are 
not limited to above embodiments and examples of the 
invention, and can be varied corresponding to applica- 
tions. 

40 [0069] For example, considering the SDSL (Single 
line Digital Subscriber Line) signal transmission in which 
the transmission rates are same in upstream direction 
and in down stream direction, the sampling rate and the 
resolution in the upstream and downstream directions 

45 can be set to 2.43 megasample/sec. and 8 bits, respec- 
tively. In the case, however, both of the transmission 
. rales in the upstream signal light and downstream signal 
light must set to 622.08 Mbps in order to transmit the 
subscriber signal of 30 channels which is time-division 

50 multiplexed. ■ 

INDUSTRIAL AVAILABILITY OF THE INVENTION 

[0070] According to the invention, the subscriber op- 
55 tical fiber transmission system can be realized which ac- 
commodates xDSL signal and telephone signal, simul- 
taneously And, according to the invention, the remote 
node can be small and light, and power consumption of 
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it can be reduced. Further, according to the invention, it 
is not required that the remote node is reformed, even 
if specifications of the xDSL are changed. 



Claims 

1 . A digital subscriber optical fiber transmission sys- 
tem comprising a subscriber communication sys- 
tem in which a plurality of subscriber premises and 10 
a remote node are connected to each other through 
a telephone line and the remote node is connected 
through an optical fiber cable to a terminal station, 
said remote node comprising 

15 

a means for converting a plurality of upstream 
subscriber signals sent through a telephone 
line from the subscriber premises to a plurality 
of digilalized upstream subscribersignals by an 
analog/digital conversion circuit, 20 
a means for time-division multiplexing a plural- 
ity of the digitahzed upstream subscriber sig- 
nals by time-division multiplex circuit to convert 
it to multiplexed upstream subscribersignals, 
a means for converting, by a light transmitter 25 
the multiplexed upstream subscriber signals to 
upstream signal light which is then transmitted 
through the optical fiber cable to the terminal 
station, 

a means for converting downstream subscriber 30 
signals sent from the terminal station to multi- 
plexed downstream subscriber signals by a 
light receiver, 

a means for time-division separating the multi- 
plexed downstream subscriber signals to a plu- 35 
rality of the digitalized downstream subscriber 
signals by time-division separation circuit, 
a means for converting a plurality of the sepa- 
rated and digitalized downstream subscriber 
signals to a plurality of downstream subscriber -to 
signals by a digital/analog conversion circuit, 
and 

a means for transmitting a plurality of the down- 
stream subsenber signals through the tele- 
phone line to the subscriber premises, and 
said terminal station comprising 
a means lor converting the upstream signal 
light to the multiplexed upstream subscriber 
signals by a light receiver, 

a means for time-division separating the multi- 50 
plexed upstream subscriber signals to a plural- 
ity of the digitalized upstream subscriber sig- 
nals by a time division separation circuit, 
a means for converting a plurality of the sepa- 
rated and digitalized upstream subscriber sig- 55 
nals to a plurality of upstream subscriber sig- 
nals by the digital/analog conversion circuit, 
a means for converting a plurality of the down- 



stream subscriber signals sent to a plurality of 
the subscriber premises to a plurality of the dig- 
ital downstream subscriber signals by the ana- 
log/digital conversion circuit, 
a means for time-division multiplexing a plural- 
ity of the digitalized downstream subscribersig- 
nals by the time division multiplexing circuit to 
convert it to the multiplexed downstream sub- 
scriber signals, and 

a means for converting the multiplexed down- 
stream subscriber signals by the light transmit- 
ter to the downstream signal light which is then 
transmitted through the optical fiber cable to the 
remote node. 

A digital subscriber optical fiber transmission sys- 
tem comprising a subscriber communication sys- 
tem in which a plurality of subscriber premises and 
a remote node are connected to each other through 
a telephone line and the remote node is connected 
through an optical fiber cable to a terminal station, 
said remote node comprising 

a means for converting a plurality of upstream 
subscriber signals transmitted through a tele- 
phone line from the subscriber premises to a 
plurality of digitalized upstream subscriber sig- 
nals by an analog/digital conversion circuit, 
a means for time-division multiplexing a plural- 
ity of the digitalized upstream subscriber sig- 
nals by time-division multiplex circuit to convert 
it to multiplexed upstream subscriber signals, 
a means for converting, by a light transmitter, 
the multiplexed upstream subscriber signals to 
upstream signal light which is then transmitted 
through the optical fiber cable to the terminal 
station. 

a means for converting downstream subscriber 
signals sent from the terminal station to multi- 
plexed downstream signals by a light receiver, 
a means for time-division separating the multi- 
plexed downstream subscriber signals to a plu- 
rality of the digitalized downstream subscriber 
signals by time-division separation circuit, 
a means for converting a plurality of the sepa- 
rated and digitalized downstream subscriber 
signals to a plurality of downstream subscriber 
signals by a digital/analog conversion circuit, 
and 

a means for transmitting a plurality of the down- 
stream subscriber signals through the tele- 
phone line to the subscriber promises, and 
said terminal station comprising 
a means for converting the upstream signal 
light to the multiplexed upstream subscriber 
signals by a light receiver, 
a means for terminating the multiplexed up- 
stream subscriber signals by a digital signal 
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processing device, and 
a means for converting the multiplexed down- 
stream subscriber-signals* output from the dig- 
ital signal processing device, by the light trans- 
mitter to the downstream signal light which is 5 
then transmitted through the optical fiber cable 
to the remote node. 

The subscriber optical fiber transmission system 
according to Claim 1 or 2. wherein a telephone sig- io 
nal and a xDSL (x Digital Subscriber Line) signal 
are frequency multiplexed to the upstream sub- 
scriber signals and the downstream subscriber sig- 
nals. 

75 

The subscriber optical fiber transmission system 
according to Claim 1 . wherein 

a telephone signal and a xDSL (x Digital Sub- 
scriber Line) signal are frequency multiplexed 20 
to the upstream subscriber signals and the 
downstream subscriber signals, 
the terminal station has a splitter for multiplex 
separation of the telephone signal and the xD- 
SL signal, a telephone line switching device for 25 
terminating process of the telephone signal, 
and a xDSL access multiplexing device for ter- 
minating process of the xDSL signal, 
the downstream telephone signal output from 
the telephone line switching device and the 30 
downstream xDSL signal output from the xDSL 
access multiplexing device: in the terminal sta- 
tion, are frequency multiplexed by the splitter 
and then are converted to the downstream sub- 
scriber signals to be input in the analog/digital 35 
conversion circuit, 
and 

the upstream subscriber signals output from 
'■' - the digital/analog conversion circuit in the ter- 
minal station is frequency separated by the JO 
splitter to the upstream telephone signal and 
the downstream xDSL signal, each of which is 
then input in the telephone line switching de- 
vice and the xDSL access multiplexing device, 
respectively. 45 

The subscriber optical fiber transmission system 
according to Claim 4. wherein 
the splitter is respectively connected to the digital/ 
analog conversion circuit or analog/digital conver- 50 
sion circuit, the telephone line switching device, and 
the xDSL access multiplexing device by a pair of 
cables for transmitting the frequency multiplexed 
upstream and downstream signals. 

...... < ' , • .55 

The subscriber optical fiber transmission system 

according to Claim 4. wherein 

the splitter is respectively connected to the digital/ 



analog conversion circuit or analog/digital conver- 
sion circuit, the telephone line switching device, and 
the xDSL access multiplexing device by two pairs 
of cables for transmitting the frequency multiplexed 
upstream and downstream signals separately. 

7. The subscriber optical fiber transmission system 
according to Claim 1 r 2. 3 or 4 ; wherein the digital- 
ized downstream subscriber signals are obtained 
by the analog/digital conversion of the downstream 
subscriber signals under the sampling rate of not 
less than 1 megasample/sec. and the resolution of 
not less than 8 bits. 

8. The subscriber optical fiber transmission system 
according to Claim 1 f 2 ? 3 or 4 ; wherein the digitized 
upstream subscriber signals are obtained by the an- 
alog/digital conversion of the upstream subscriber 
signals under the sampling rale of not less than 250 
kilosample/sec. and the resolution of not less than 
B bits. 

9. The subscriber optical fiber transmission system 
according to Claim 1 . 2, 3or4, wherein the sampling 
rate and the resolution of the digitalized down- 
stream subscriber signals are equal to the sampling 
rate and the resolution of the digitized upstream 
subscriber signals 

10. The subscriber optical fiber transmission system 
according to Claim 1 . 2. 3 or 4. wherein the signal 
speed of the digitalized downstream subscriber sig- 
nals is N times (N : positive integer) as large as the 
signal speed of the digitalized upstream subscriber 
signals. ; . 
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FIG. 3 
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